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,W KDV EHHQ XWLOL]HG H[WHQVLYHO\ LQ DLUFUDIW FRQVWUXFWLRQ GXH WR KLJK VWUHQJWK WR GHQVLW\ UDWLR 6L]H DQG
FU\VWDOORJUDSKLF RULHQWDWLRQ RI JUDLQV LQ WKH SURFHVV RI FROG GHIRUPDWLRQ DIIHFW WKH SURSHUWLHV RI PDWHULDO
>)-+XPSKUH\VDQG+DWKHUO\@ 7KHPHFKDQLFDO EHKDYLRXU GHSHQGVSULPDULO\RQWKHQXPEHUDQGGLVWULEXWLRQ
RIGLVORFDWLRQV LQWURGXFHGGXH WRFROGGHIRUPDWLRQ:KHQ WKHGLVORFDWLRQGHQVLW\ LQFUHDVHVIURP PDYDOXH
W\SLFDOIRUDQQHDOLQJVWDWHWRDERXW P IRUFRQVLGHUDEO\GHIRUPHGPHWDOWKH\LHOGVWUHQJWKLQFUHDVHE\DIDFWRU
RIDQGWKHGXFWLOLW\GHFUHDVHG>)-+XPSKUH\V@
,Q DGGLWLRQ JRRG GXFWLOLW\ LV DOVR UHTXLUHG IRU IRUPDELOLW\ +RZHYHU WKH HQKDQFHPHQW RI WKH VWUHQJWK RI WKH
PDWHULDOPDLQWDLQLQJ UHDVRQDEOH GXFWLOLW\ LV D SHUPDQHQW FKDOOHQJH7KH NQRZQPHWKRG LV WR LQFUHDVH GXFWLOLW\ LV
WKURXJKUHFU\VWDOOL]DWLRQGRQHE\DQQHDOLQJSURFHVV %\UHFU\VWDOOL]DWLRQ WKHUH LVDJUDGXDOGHFUHDVH LQ WKH WHQVLOH
VWUHQJWK 876 \LHOG VWUHQJWK <6 DQG KDUGQHVV DQG LQFUHDVHV WKH HORQJDWLRQ RI WKH UROOHG PDWHULDO 7KH
IRUPDELOLW\RIWKHVKHHWPHWDOLVDQLPSRUWDQWSDUDPHWHURIWKHPDQXIDFWXULQJSURFHVVGHVLJQ>/HH 16HW DO@
7DMDOO\HWDO >07DMDOO\ HW  DO@VWXGLHG WKHHIIHFWRIFROGUROOLQJDQGDQQHDOLQJ WHPSHUDWXUHRQ WKH IUDFWXUH





VWDWHG WKDW FROG UROOHG VDPSOH DQG VXEVHTXHQW DQQHDOLQJ DW R& UHVXOWHG ORZHU HORQJDWLRQ LQ WKH WUDQVYHUVH
GLUHFWLRQ+RZHYHU WKH VDPSOHV DQQHDOHG DW KLJKHU WHPSHUDWXUH WKH HORQJDWLRQYDOXHVZHUHKLJK7KH\KDYH DOVR
REVHUYHG WKDW FROG UROOLQJ DQG VXEVHTXHQW DQQHDOLQJ UHILQH WKH JUDLQ VL]H DQG JUDLQ OHQJWK UHVXOWLQJ LQ JUHDWHU





GXFWLOLW\ WRXJKQHVV DQGGHIRUPDELOLW\RIPDWHULDOVDUH LQWLPDWHO\ UHODWHG WR WKHLU VWUDLQ±KDUGHQLQJFKDUDFWHULVWLFV
6WUDLQ KDUGHQLQJ H[SRQHQW DV D SDUDPHWHU FDQ EH XVHG WR PHDVXUH WKH VWUDLQ±KDUGHQLQJ FDSDFLW\ LQ WKH XQLIRUP
SODVWLF GHIRUPDWLRQ VWDJH GXULQJ WKH WHQVLOH SURFHVV DV LW QRW RQO\ GRPLQDWHV WKH SXQFKIRUPLQJ SURSHUWLHV RI
PDWHULDOVEXWLVDOVRLQGLFDWLYHRIWKHDELOLW\RIWKHPDWHULDOWRUHWDUGWKHORFDOL]DWLRQRIGHIRUPDWLRQ
3UHVHQWZRUNKDVEHHQDLPHGWRVWXG\WKHHIIHFWRI FROGUROOLQJDQGDQQHDOLQJWHPSHUDWXUHRQWKHWHQVLOHEHKDYLRU
RI DOXPLQLXP DOOR\ZKLFKZDVUHFHLYHGLQ7FRQGLWLRQVROXWLRQKHDW WUHDWHGVWUHVVUHOLYHGE\VWUHWFKLQJ
DQGDUWLILFLDODJHGDQGWRHYDOXDWHLWVVWUHQJWKDQGGXFWLOLW\SDUDPHWHUV 7KLVVWXG\KDVDJUHDWLPSRUWDQFHUHODWHG
WRWKHDXWRPRELOHDQGDHURVSDFHLQGXVWULHV
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VXEVHTXHQW DQQHDOHG DW R& 6LPLODUO\ IRU RWKHU VDPSOHV WHQVLOH DQG GXFWLOLW\ SDUDPHWHUV ZHUH HYDOXDWHG DQG
FRQVROLGDWHGLQWDEOH






7KH PDLQ DLP RI WKH SUHVHQW ZRUN LV WR VWXG\ WKH LQIOXHQFH RI WKH FROG UROOLQJ DQG VXEVHTXHQW DQQHDOLQJ
WHPSHUDWXUHRQWKHWHQVLOH EHKDYLRXU7KHYDULDWLRQRIWKHSURRIVWUHVV876DQGKDUGQHVVDUHVKRZQLQILJXUH,W
PD\EHVHHQWKDWWKHSURRIVWUHVVDQG876DUHKLJKHVWIRUVDPSOHZKLFKLVFROGUROOHGIRUDQGDQQHDOHGIRU
R&   PLQ ,W LV DOVR REVHUYHG WKDW WKH KDUGQHVV GHSHQG RQ WKH DPRXQW RI WKH FROG UHGXFWLRQ DQG DQQHDOLQJ
WHPSHUDWXUH7KLVFDQEHVHHQIURPWKHILJXUHDQG






R&D(QJLQHHULQJVWUHVV VWUHVVDQG7UXHVWUHVV VWUDLQGLDJUDPE/RJ ± /RJSORWRIWUXHVWUHVV ± VWUDLQVORSRILWJLYHVQZKHUHDV.WUXH
VWUHVVDW H 





HORQJDWLRQ ZKLOH WKH VDPSOHV DQQHDOHG DW KLJK WHPSHUDWXUHV WKH WRWDO HORQJDWLRQ YDOXHV ZHUH KLJK 7KLV FDQ EH
H[SODLQHGLQWHUPVRIWKHPLFURVWUXFWXUHDQGPHFKDQLFDOSURSHUWLHV,QWKHFROGUROOHGVKHHWWKHORQJHUJUDLQVUHVWULFW
WKHSODVWLFGHIRUPDWLRQDORQJ WKHWUDQVYHUVHGLUHFWLRQDVLQGLFDWHGE\WKHORZHUHORQJDWLRQ+RZHYHUFROGUROOLQJ
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7KHHIIHFWRIFROG UROOLQJDQGDQQHDOLQJDW UHFU\VWDOOL]DWLRQ WHPSHUDWXUHVRI R& R&DQG R&RQ WKH
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WHQVLOH VWUHQJWK 876 \LHOG VWUHQJWK <6 KDUGQHVVDQGFRQWLQXRXV LQFUHDVH LQHORQJDWLRQRI WKH UROOHGPDWHULDO
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